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Abstract 
A thermal sensor has been developed at IMTEK to perform flow measurement and fluid characterization. It features 
low power consumption and a simple geometry. By means of numerical simulations it is shown that alternating 
electric excitation at high frequency (200 Hz) makes possible the identification of common gases flowing in a 
microfluidic channel by measuring the amplitude of the temperature oscillations at the central location of the sensor. 
Additionally, flow measurement is achieved up to 0.1 m/s. 
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1. Introduction 
Thermal flow sensors are widely used due to their simplicity. Since this type of sensor does not feature 
movable parts, it is a good choice for applications where high reliability is required. The main drawback 
is that they require compensation factors or new calibration curves whenever the measured gas is 
changed. Thus, the sensor must be able to measure the thermal properties of the gas in order to allow the 
compensation of the flow measurement. It has been shown that sinusoidal excitation offers the capability 
to measure the thermal conductivity and diffusivity provided that the flow conditions are known 
beforehand [1]. In this contribution we show that with high frequency excitation it is possible to measure 
the flow speed of gases in a microfluidic channel, and simultaneously correlate the amplitude of the 
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thermal oscillations to the thermal conductivity of the gases. Further simulations and measurements are 
needed to obtain a complete correlation between the sensor’s response and the thermal conductivity. 
2. Sensor Description 
A close-up top view of the sensor is presented in Fig. 1. Like most calorimetric flow sensors, it 
comprises a central chromium heater concentrically surrounded by four germanium thermistors. This 
arrangement enables two-dimensional flow measurements. An additional germanium thermistor is place 
within the heater structure. This special feature allows measuring extra information which can be used for 
gas characterization. The heater’s average radius is 60.5 ȝm and the dimensions of each thermistor are (75 
× 75) ȝm. The average separation between the heater and the central thermistor is thus about 16 μm. The 
sensing area is supported by a thin, thermal insulating, SiO2-SiNx membrane, whose thickness and 
diameters are 1.4 and 1000 μm, respectively. The membrane’s small thickness and low thermal 
conductivity reduce the amount of parasitic thermal loses to the bulk of the chip. The total dimensions of 
the chip are (12.7 × 12.7 × 0.5) mm. Four additional thermistors are placed outside the membrane over 
the chip’s bulk in order to compensate for changes in the ambient temperature [2]. 
The material selection for the heater is chromium given its low temperature coefficient of resistance 
(TCR) [3]. Therefore, under low power excitation, the change in its resistance is negligible, which 
facilitates the excitation of the sensor in the constant power mode. The electrical interconnection are 
realized using a triple layer of Ti/Au/Ti, which ensures a low thermal electrical resistivity, good adhesion 
to the bonding wires and low electromigration [4]. Amorphous germanium is reported to achieve high 
TCR (about 2% at room temperature), thus showing a precision as good as 100 mK [4]. 
 
               
                                          (a)                                                                                                              (b) 
Fig. 1. (a) Sensor close-up top view of the sensor’s membrane; (b) Perspective view of the geometry used in the simulation model. 
3. Simulation Model 
The simulation model is implemented in COMSOL Multiphysics. It includes a 3 mm long microfluidic 
channel where gases flow under laminar regime. The channel’s height and width are 330 and 1500 μm, 
respectively. The microfludic channel is assumed to be just over the sensor’s surface in such a way that 
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the sensor’s membrane is located at the middle point of the channel’s bottom surface. The flow direction 
is assumed to be parallel to one the sensor’s main axes, as shown in Fig. 1a. The model also features a 
region just below the membrane where the gas is maintained at no-flow condition. This region is circular, 
it has the same diameter as the membrane and it is 500 μm deep. The simulation model is depicted in Fig. 
1b. Given the symmetry of the model’s geometry, only one half of the geometry along the main 
longitudinal axis is used. 
The membrane is modeled as a single thermally conductive shell. It includes the circular heater, the 
thermistors and electrical contacts. The thermal properties for each region of the membrane are calculated 
by averaging the contributions of the stacked layers of material that constitute each structure. Only gases 
are used as the flowing medium. Simulations are carried out for helium, air, CO2 and argon; their relevant 
physical properties are summarized in Table 1. 
The flow inside the channel is assumed to be laminar and fully developed. Instead of solving the 
Navier-Stoke’s equations in the simulations the velocity field inside the channel is approximated by the 
following expression: 
u(x,y,z)=36 u0/(W2H2) z (H – z) (W2/4 – y2)  (1) 
where u0 is the average flow speed inside the channel, and W and H are the width and the height of the 
channel. In the simulations, the average flow speed is varied from 0.001 to 1 m/s. 
Besides the membrane, all the walls of the channel are assumed to have a constant temperature of 
20 °C. The fluid’s bulk temperature is also assumed to be at 20 °C as well. A steady sinusoidal heat 
generation signal is applied to the heater in such a way that emulates the joule effect in the heater due to 
an alternating electric current. The amplitude and the mean value of the total heating power are both 
0.5 mW. Its oscillation frequency is set to 200 Hz for all simulations. 
Simulations are carried out in time domain until a steady state response is sustained for several 
periods. The last few periods are then used to extract the DC component (Ti0), and the amplitude (|Ti|) and 
phase (ĳi) of the AC component of the temperatures measured by the thermistors. Phases are measured 
with respect to the applied power signal. These magnitudes are extracted with a simple lock-in filter is 
implemented in MATLAB. 
Table 1. Physical properties at 20°C of the gases used in the simulations [5]. 
Gas 
Thermal 
Conductivity 
[mW/(m K)] 
Density 
[kg/m3] 
Specific Heat Capacity 
[J/(kg K)] 
Viscosity 
[μPa s] 
Thermal 
Diffusivity 
[cm2/s] 
He 153.5 0.166 5193 19.61 1.776 
Air 25.87 1.204 1007 18.20 0.213 
CO2 16.25 1.830 845.9 14.69 0.105 
Ar 17.49 1.661 521.6 22.30 0.202 
4. Results and Conclusion 
Simulations show that for the simulated gases, the magnitude of the temperature oscillations measured 
by the central thermistor (|Tc|) is independent of the flow rate (Fig. 2a). It shows a total variation of 0.2% 
for the speed range 0.001–1 m/s. This effect is a consequence of both the heater-to-central-thermistor 
separation and the excitation frequency. The short heater-to-central-thermistor separation limits the heat 
flow to follow paths quite close to the membrane surface, where the average fluid’s velocity is fairly 
small, thus limiting the effect of the forced convection on |Tc|. In addition, due to the low pass 
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characteristic of thermal systems, all high frequency thermal waves are confined to a region closer to the 
heater, which also reduces the effect of the flow speed on |Tc|. However, if the average flow speed is 
much higher, the forced convection becomes strong enough to produce a reduction on |Tc|, as shown in 
Fig. 2a for flow speeds larger than 1 m/s. 
Furthermore, |Tc| is different among the simulated gases allowing their identification. It is also found 
that it is highly correlated to the thermal conductivity (see values in Table 1). For gases with large thermal 
conductivity, more heat is dissipated by conduction into the fluid’s bulk thus reducing the amplitude of 
the thermal oscillations (|Tc|). However, further simulations and experiments have to be performed in 
order to confirm this. 
On the other hand, for the range 0.001–0.1 m/s the sensor still shows a linear relationship between the 
flow speed and the difference between the DC temperatures measured by the up- and downstream 
thermistors (see Fig. 2b), in consequence the sensor might be capable of measuring flow, provided that 
thermal diffusivity is known, and simultaneously determine the thermal conductivity of the gas. This is 
achieved by exploiting the central thermistor this sensor features. 
 
 
Fig. 2. (a) Simulated magnitude of the temperature oscillations at the central thermistor for different flow speeds; (b) Simulated 
temperature difference between the DC value of the temperature up- and downstream (Td0 – Tu0) vs. the flow speed. 
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